I. INTRODUCTION
Searching and explaining the exotic states which may consist of the nonandconfigurations, have becoming a very interesting topic in hadron physics. Actually, the structure of baryon is more intriguing than that of the meson. Recently, some charmed baryons have been experimentally identified [1, 2] , which provide an ideal place to investigate the dynamics of the light quarks in the environment of a heavy quark. For example, the charmed baryon Λ * c (2940) has aroused intensive studies on its nature.
The charmed baryon Λ * c (2940) was first announced by the BABAR Collaboration [3] by analyzing the pD 0 invariant mass spectrum. Later, the Belle Collaboration [4] confirmed it as a resonant structure in the final state Σ c (2455) 0,++ π ± → Λ + c π + π − . The values for the mass and width of the Λ * c (2940) state were reported by both Collaborations [3, 4] , which are consistent with each other: However, the spin-parity of the Λ * c (2940) state have still not been determined in experiment. Different theoretical groups [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] have performed theoretical studies of Λ * c (2940) by assuming different assignment for its spin-parity J P = ± . For example, by assuming the Λ * c (2940) as a pD * 0 molecular state, the spin-parity of Λ * c (2940) was assigned to be 1 2 ± in Refs. [6, 7, 18] . Besides supposing Λ * c (2940) to be a hadronic molecular * xywang@impcas.ac.cn † avg@jinr.ru state, the Λ * c (2940) also is explained as a conventional charmed baryon [9] with J P = 3 2
− . Since the the nature of Λ * c (2940) is still unclear, more work is needed to determine its real inner structure.
Until now, all experimental observations of Λ * c (2940) have been from the e + e − collision [3, 4] . Thus it is interesting to study the production of Λ * c (2940) in other process. In Refs. [5, 20] , the production of Λ * c (2940) bypp annihilation are proposed, while the production of Λ * c (2940) via π meson induced nucleon is discussed in Ref. [21] . However, one notice that there is no any relevant informations about the photoproduction of Λ * c (2940). Thus the studies on the photoproduction of Λ * c (2940) are highly necessary. In this work, with an effective Lagrangian approach, the photoproduction of Λ * c (2940) in the γn → D − Λ * c (2940) + process is investigated. Moreover, the feasibility of searching for the charmed Λ * c (2940) resonance is also discussed. It is shown that modern experiments based on energetic lepton beams of high intensity like the COMPASS experiment at CERN [22] [23] could be the promising platform for searching for photoproduction of the charmed baryon Λ * c (2940) and study of its properties. This paper is organized as follows. After an Introduction, the formalism and the main ingredients are presented. The numerical results and discussions are given in Sec. III. In Sec. IV, the Λ * c (2940) production at COM-PASS are discussed. Finally, the paper ends with a brief summary.
II. FORMALISM
In the present work, an effective Lagrangian approach in terms of hadrons is adopted, which is an important theoretical method in investigating various processes in the resonance region [5, 20, 21, [24] [25] [26] [27] [28] [29] .
A. Feynman diagrams and effective Lagrangian densities In Ref. [6, 7] , by assuming the Λ * c (2940) as a molecular D * 0 p state, the spin-parity (J P ) quantum number of Λ * c (2940) was assigned to be [5, 21] ,
with
The Q Λ * − amounts to 0.44 in the SU(3) quark model [31] . We take the coupling constants g
c N D * = 3.75 as used in Refs. [5, 21] . Moreover, the effective Lagrangians for the γDD, γDD * ,and γN N couplings are
where
* -meson and nucleon fields, respectively. m D and m N are the masses of the D-meson and nucleon, while ǫ µναβ is the Levi-Cività tensor. Q N is the charge of the hadron in the unit of e = √ 4πα with α being the fine-structure constant. The anomalous magnetic moment κ N = −1.913 for the neutron [32] .
The coupling constant g γDD * are determined by the radiative decay widths of D * , . Considering the internal structure of hadrons, a form factor is introduced to describe the possible off-shell effects in the amplitudes. For the exchange baryons, we adopt the following form factors as used in Refs. [5, 33, 34] ,
while for the D and D * exchange, we take
where q ex and m ex are the four-momenta and the mass of the exchanged hadron, respectively. The values of cutoff parameters Λ B and Λ D/D * will be discussed in the next subsection.
1 In Ref. [30] , the magnetic moment of lighter state Λc(2286) is predicted to be 0.38. Since this predicted magnetic moment does not depend on mass of Λc state, it is reasonable to take κ For the propagators of spin-1/2 baryon, we adopt the Breit-Wigner form [5, 21] 
where Γ is the total decay width of baryon. We take Γ = 17 MeV [1] for the Λ * c (2940) state and Γ = 0 for other intermediate baryons.
The propagator for D exchange is written as
For the D * exchange, we take the propagator as
where µ and ν denote the polarization indices of vector meson D * .
B. Cross section for the γn
After the above preparations, the invariant scattering
c (k 4 ) process as shown in Fig. 1 can be constructed as, (14) where j denotes the s-, t-, u-channel or contact term process that contribute to the total amplitude, while ǫ and u are the photon polarization vector and Dirac spinor, respectively. λ Λ * c , λ n and λ γ are the helicities for the Λ * c (2940), the neutron, and the photon, respectively. The reduced A v(
2 are the Mandelstam variables. To restor the gauge invariance, a generalized contact term is introduced as [35, 36] 
where h = 1 is taken [35] . Since the Λ * c (2940) have a coupling with pD 0 , it is interesting to discuss the pD 0 invariant mass or angle distributions for the Dalitz process γn → D − D 0 p. However, it is difficulty to distinguish the two spin-parity assignments of the Λ * c (2940) state from those first order differential cross section [21] . Thus we shall concentrate only on the second order differential cross section of dσ ± . It is noticed that All the curves show strong forwardscattering enhancements, due to the D * exchange in the t-channel dominantly.
Λc(2286) also have a coupling with pD 0 . However, it should be noted that the coupling constant of Λc(2286)N D is determined from SU (4) invariant Lagrangians with a great uncertainty. Besides, the mass of Λc(2286) is about 650 MeV smaller than that of Λ * c (2940), which means that the effects from Λc(2286) state around the M pD 0 = m Λ * c should be small because of the narrow total decay width of Λ * c (2940) state. Thus the Λc(2286) is not included in this present calculations. 3 In this work, as mentioned above, the relevant coupling constants are taken from the Refs. [6, 7] by assuming the charmed Λ * c (2940) as a molecular state of D * 0 p. Thus the dominant t-channel with D * exchange contribution can be understood easily since the Λ * c (2940) have a strong coupling with the D * 0 p. produced via γn interaction. In case of success it would be the first observation of direct production of Λ * c (2940).
(III) The absolute value of the differential cross section dσ To sum up, we suggest that this experiment be carried out at COMPASS, which not only helps in testing the above theoretical predictions for the photoproduction of the Λ * c (2940) state but also provides important information for clarifying the nature of the charmed Λ * c (2940) baryon. It is worth while pointing out that it is not possible to give a very precision theoretical result for the production of Λ * c (2940) due to the partial decay width of Λ * c (2940) is only a theoretical value but not a real width measured by experiment. However, from the experimental point of view, the partial decay width of Λ * c (2940) is a key factor to determine the spin-parity of Λ * c (2940). Thus the experiment on measuring the partial decay width of Λ * c (2940) is also encouraged.
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